Background:
INTRODUCTION
Pain is the most common cause of fear and anxiety in dental practice. Local anaesthetics play a key role in reducing pain and anxiety and are used with or without epinephrine in specified concentrations for various dental procedures. [1, 2] As regards the maxillary anaesthesia, supraperiosteal injections into the mucobuccal fold, proximal to the apices of the teeth using conventional syringe and needle have been commonly used. However certain instances may warrant multiple needle penetrations for adequate pulpal anaesthesia, which increased the dose and caused collateral anaesthesia [3, 4] . In the mid-1990s, the computer assisted system has been developed which provided predictable pulpal anaesthesia of multiple maxillary teeth from a single injection, minimizing the dose with minimal or reduced risk of collateral anaesthesia. It incorporated computer technology to control the rate of flow of the anaesthetic solution through the needle. This concept was called computer-controlled local anaesthetic delivery (CCLAD) [5, 6] . It has a foot control that automates at precise pressure and volume rates which control the drug being delivered. It could be used for buccal, palatal, intraligamental infiltration and blocks. Some of the commercially available CCLADs are Wand, Wand plus and Compumed. Anterior middle superior alveolar (AMSA) and Palatal anterior superior alveolar (P-ASA) techniques are most frequently used with the computer assisted system. [7 -9] Besides the introduction of the technique, a systematic compilation on studies does not exist. Hence this systematic review aims to identify the use of computer-assisted local anaesthetic technique in producing predictable anaesthesia as conventional syringe needle technique, eliminating the disadvantages.
METHOD Information Sources and Search Strategy
The protocol for this review was registered with International prospective register of systematic reviews (PROSPERO) with the registration number CRD42015032590. The review protocol can be accessed at http://www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD42015032590. Literature search was conducted using key words computer controlled anaesthesia [tiab] and was completed on 23 Dec 2015. The primary data base used was Medline (via PubMed), Cochrane central register of clinical trials (CENTRAL) and Database of Abstracts of Reviews of Effects (DARE). This search was further supplemented by hand searching of relevant references from review articles and other eligible studies. No limits were applied to the year of study but only studies published in English language were included.
Eligibility Criteria
Only those studies with randomized controlled design with the following requirements were included in the present study:
Type of participants -Adults/children requiring infiltration or block local anaesthesia for dental procedures in 1.
the maxillary arch Types of intervention -Any local anaesthetic drug administration in the maxillary arch using computer assisted 2.
delivery system Comparison -Any local anaesthetic administration in the maxillary arch using traditional needle technique or 3.
using a computer assisted system Outcome -Assessment of the efficacy of local anaesthetic using electric pulp testing, assessment of pain using 4.
VAS, assessment of behaviour using behaviour codes
Study Procedure
Both the authors independently screened the above mentioned data bases for studies and independently reviewed abstracts for suitability. Full-texts articles were obtained for those found to be eligible to be included and for those that were inconclusive on the abstract screening. A pre-tested data extraction form was created and both the authors independently extracted the following data from each eligible study: trial site, year, trial methods, participants, interventions, and outcomes. Disagreement between the authors was resolved through discussion. A significant heterogeneity was seen in between the eligible studies. The present meta-analysis was conducted and presented in accordance with Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. [10, 11] .
RESULTS

Search Results
A total of 39 articles were identified, of which 12 was shortlisted on title screening. Of the 12, two assessed the efficacy of different local anaesthetic agents delivered using CCLAD, one was not randomized and three were on healthy patients that assessed pain due to injection technique only. After full text and abstract screening, six studies met the inclusion criteria and were included in the present review. The study flow chart is shown in Fig. (1) . 
Key Features of Included Studies
Six studies [12 -17] were found to be eligible to be included. Of these six studies, one was cross-over [13] , one split mouth [14] while all others were parallel group studies. Only one [12] was open label and the rest five [13 -17] were single blinded. Three studies [12, 15, 17] were conducted in children while the rest in adults [13, 14, 16, 17] . The outcome measurement was directed to psychological attributes in two studies [12, 15, 17] , visual analog scale in four studies [12, 13, 15, 16] and electric pulp testing in Kandiah et al. [16] . Other salient features of the included studies are listed in Table 1 . Due to significant clinical heterogeneity between the included studies, meta-analysis was not carried out. But considering all the included studies, the computer assisted technique performed better than the conventional syringe needle technique for administration of local anaesthetic in terms of pain measured using VAS, psychological attributes and predictable anaesthesia achieved which was measured using electric pulp testing. Risk of bias of the included studies was assessed as per Cochrane's risk of bias tool [10] and is depicted in Fig. (2) . 
DISCUSSION
Anxiety and fear form the mainstay of deferral in patients undergoing dental treatment, especially involving the injection of local anaesthetics. Recent advances in the field of dental local anaesthesia has come up with the computer controlled anaesthetic delivery vehicle which acts by regulating the rate of flow and delivery of the anaesthetic agent, thereby decreasing the amount of discomfort produced. Additionally the undesired extra oral soft tissue anaesthesia can be eliminated. For the local anaesthetic to provide the required depth of anaesthesia, they must be injected. The main problem lies in the needle and not the cartridge or the syringe. Dental needles are usually 25, 27 or 30 gauges, however the perception remains indistinguishable [18] . Unfortunately this ability to provide painless injection is considered one important factor by patients in selecting their dentist [19] . The Computer -controlled local anaesthetic delivery (CCLAD) was introduced in the mid-1990. A light weight handpiece in a pen like grasp delivers the drug with a footactivated control. The flow rate of the drug is controlled by the computer, which provides consistent injection from one to other [20] . The maxillary palatal injections are considered to be the most painful because of the mucosal binding to the underlying periosteum and its abundant nerve supply. The pain caused is mainly as a result of displacement of the mucoperiosteum rather than the needle penetration [21] . The introduction of computer assisted system would definitely be of much value in reducing significant discomfort caused due to traditional needle injection technique theoretically. Many individual randomized controlled studies of high quality, which are included in this review, have tested the newer method of delivery of LA (CCLAD) and identified it to be more effective than conventional [12 -17] . Unfortunately because of the clinical heterogeneity amongst the studies, a synthetic meta-analysis could not be performed. Hence, at the moment it is difficult to conclude that use of computer assisted delivery is superior to the conventional method, although it was found to perform better from individual studies. More such high quality studies assessing the efficacy and cost-efficiency of various modes of administration are required to confirm the utility of computer assisted delivery systems.
